Health symptom questionnaire responses were collected from upper secondary and high school students (n ¼ 245) before comprehensive repairs of moisture damage in the school. The questionnaire study was repeated 1 year (n ¼ 227), 3 years (n ¼ 256), and 5 years (n ¼ 233) after the repairs. The data were analyzed both in cross-sectional design including all respondents, and longitudinally including paired observations of those individuals who had responded both before and after the repairs. In addition, the effect of intervention on health symptoms was analyzed using generalized estimating equations (GEEs), taking into account within-subject correlation between repeated measurements. Compared to the situation before the repairs, the situation after the repairs was significantly improved in most of the 20 symptoms studied among the cross-sectional study populations. However, improvement was not so clear in the paired analysis and GEE analysis among the students who responded to three repeated questionnaires. The results indicate that the repairs succeeded in the sense that new cases of symptomatic students were no longer expected. However, the reversibility of symptoms among the group of exposed individuals may need to be considered separately.
Introduction
Excess moisture poses a risk both for the performance of the building structures and indoor air quality. Moisture-induced damage in school buildings has been associated with elevated concentrations of certain microbes, measured both directly from the damaged materials and from the air (Lappalainen et al., 2001; Meklin et al., 1996) . Therefore, it is strongly recommended that the damage is repaired. The repair should include both eliminating the original causes of moisture accumulation and replacing damaged materials. During the repair process, airborne fungal concentrations are typically increased (Rautiala et al., 1998) . However, after completion, building repairs should have beneficial effects both for the building structures and indoor air quality. A few studies have described a decrease in the levels of airborne microbial compounds as a result of such repair (Rylander, 1997) . On the other hand, high airborne fungal concentrations have been associated with failure to remove indoor mold growth (Garrett et al., 1998) .
The presence of moisture damage in building environments has also been associated with occupant health (Haverinen, 2002a; Bornehag et al., 2001; Peat et al., 1998) . Specifically, the indoor air quality of school buildings may be a significant factor for children's health, because children spend a considerable amount of time in school environments on a daily basis. A number of studies have indicated health consequences associated with moisture problems in schools (Savilahti et al., 2000; Taskinen et al., 1999 Taskinen et al., , 1997 . However, only a few studies have published the results of the effects of moisture and mold damage repairs on school children's health. In these studies, clinical diagnosis, allergic reaction testing, or questionnaires have been used to evaluate health effects (Immonen et al., 2000 (Immonen et al., , 2001 Savilahti et al., 2000) . Findings from the clinical studies have been difficult to interpret. This may be partly because health symptoms are often nonspecific or difficult to measure by currently available methods. On the other hand, the results gathered from questionnaires may not be considered as objective and accurate as clinical findings. In the few previously published intervention studies related to moisture damage repairs, questionnaires have been used in a study design based on case and control groups of children. It is important to note that correlation between repeated observations has not been taken into account in statistical analyses of a typical case control setting when assessing the effectiveness of the repairs.
This study involved an upper secondary and high school unit, including two school buildings. The study assessed moisture and microbial status of the school buildings, the health status of the school occupants, and the need for repairs in buildings based on the results of comprehensive investigations. Repairs included improvements in drainage and rainwater sewer systems, as well as in water barriers of basement walls, in order to ensure drying of ground floor and wall structures; replacement of moisture-prone materials improperly used in locations subjected to high moisture loads; improved ventilation in crawl spaces; and replacement of all damaged material. Areas where damage was observed were left unused and were kept isolated to avoid air exchange between the damaged areas and other areas before and during the repairs. Some repairs were using dust containment techniques similar to asbestos abatement (Flannigan and Morey, 1996) . An extensive cleaning after the removal of damaged materials included wiping of all surfaces and disinfecting materials prone to microbial contamination (Haverinen et al., 1999a) .
Both technical and microbial follow-up measurements made 1 year after the repairs (Haverinen et al., 1999b) , and partially repeated 3 years after the repairs (unpublished data) suggested that the repairs were satisfactory and microbial contaminant levels were reduced. Also an analysis of the health parameters carried out in the school level 1 year after the repairs suggested an improvement in the situation (Haverinen et al., 1999b) . This paper continues analyzing health questionnaire data collected from the upper secondary and high school students. It includes both group-and individual-level analyses, providing a perspective of longterm follow-up. The aim of this study is to assess the effects of intervention on students' health after their school building received comprehensive moisture and mold damage repairs.
Material and methods
Symptom questionnaires were sent to the school occupants before building investigations and repairs started in May 1996. The study was repeated in May 1997 after the repairs were completed, and again in May 1999 and 2001. The questionnaire included 44 questions on respiratory and general health; 12 questions on background information; and 16 questions about the school (Haverinen et al., 1999a) . Each year all students at the school were surveyed using the same questionnaire.
Response rates were 91% in 1996, 79% in 1997, 95% in 1999, and 82% in 2001 . A portion of the student population ends their school term each spring and, concurrently, new students enter into the curriculum each fall. Because of this, the number of students who attended the school before the repairs (in 1996) until the second questionnaire (first follow-up in 1997) was 157, and the number of those who participated over the 3 years study period and returned the third questionnaire (second followup in 1999) was 49. In the third follow-up in 2001, the whole student population had changed from that in the beginning of the study in 1996. The study population is presented in Figure 1 .
The relevant background characteristics of the whole student population and the subgroup of the 49 students who participated in three questionnaires are presented in Table 1 . Among the cross-sectional study populations, a 15% difference in the prevalence of smoking was observed between years 1999 and 2001, being highest in 1999 (21.4%). The prevalence of reported moisture damage in the home was also highest in 1999 (14.5%), whereas it was between 3. 7 and 5.8 in 1996-1997 and 2001 . Smaller differences were observed in respondents' gender, location and type of homes, and having pets indoors. Among the group of 49 students, the prevalence of smoking increased from 4.3% (1996) to 28.3% (1999) . All of these factors were considered as possible confounding factors in the further analyses.
In the original questionnaire, the occurrence of symptoms was determined separately for fall and spring semesters. In the final analyses, 20 symptom variables (Table 2) were selected based on their possible association with moisture and mold problems. In order to reduce the number of variables, only the symptoms reported during the spring semesters was included in the analyses for this paper. The symptoms during the spring semester were selected because in the fall the students have spent a shorter time in the school (after 2-3 months summer vacation), and because the recall period for symptoms in the fall would have been longer. A crosssectional analysis including all respondents each year was performed using w 2 -test for the selected symptom variables. A longitudinal analysis, including paired observations for those individuals who had responded both before and after the repairs, was carried out using the McNemar test. These analyses were performed with SPSS statistical software (SPSS Inc., 1988) .
Continuing the analyses, we initially used logistic regression analysis to evaluate the odds ratios (ORs) for the symptoms during the post-remediation period as compared to the situation before the repairs. The results of these preliminary analyses were presented at the Indoor Air 2002 conference in Monterey, CA, USA (Haverinen et al., 2002b) . Logistic regression is used when the association among binary outcomes and multiple covariates is investigated. Figure 1 . The study population. The numbers in blocks represent the whole population of students who responded to each questionnaire, while the numbers in arrows represent respondents who were present in the first questionnaire (before repairs) in 1996. However, when the data are correlated, it has been demonstrated that the regression parameter values are essentially correct but the variances may be incorrect (Shoukri and Pause, 1999) . To overcome this problem, we used general estimation equation (GEE) methodology, which examines the effect of covariates on clustered correlated binary data.
The GEE methodology, introduced by Zeger and Liang (1986) , provides a method of analyzing correlated data. Generalized linear model estimates are used as the starting values, and both model-based and empirical standard errors of the parameter estimates are produced taking into account the user-defined cluster/correlation structure. In this study, the clusters were formed of students, hence taking into account the dependency within the subjects in the repeated observations. We used ''exchangeable'' correlation structure defined using ''logor'' option in SAS statistical software (SAS Institute Inc., 1993).
The analysis was made both among the cross-sectional study populations and among the 49 students who participated in three questionnaires, adjusting for the observed confounding factors (410% difference in parameter estimates of the effect of intervention). The criteria in evaluating the effects of the repairs were based on risk decrease, statistical significance, and trend of changes between different time points of the intervention period.
Results
Compared to the situation before repairs, statistically significantly smaller prevalence values were seen in 12 symptoms in the first follow-up, in 15 symptoms in the second follow-up, and in 15 symptoms in the third follow-up among the cross-sectional study populations using unpaired observations (Table 2) . We also checked the prevalence of symptoms among the cross-sectional study populations excluding the students who were present before the repairs. We found a significantly different prevalence of symptoms (with increasing trend) only for sore throat and fatigue (data not shown). The prevalence values for sore throat were 18% in 1997, 37% in 1999 and 39% in 2001, and for fatigue 46, 67 and 70%, correspondingly.
Paired analyses suggested a significant decrease in eight symptoms in the first follow-up (n ¼ 157) but no statistically significant change was seen in the second follow-up (n ¼ 49), which may be partly due to smaller sample size. However, the crude prevalence was lower in 11 symptoms and higher in eight symptoms among this group.
Results gathered from GEE analyses are shown in Table 3 . Among the cross-sectional study populations, ORs adjusted for age, gender, smoking, home location, and having pets suggested significantly decreased risks altogether for 16 symptoms in the first follow-up, 16 symptoms in the second follow-up, and 14 symptoms in the third follow-up studies. Reported occurrence of sinusitis, nocturnal cough, eye symptoms, and asthma decreased over the study period 1996-2001, demonstrating a continuously decreasing prevalence over time. A decreasing trend was seen in nine symptoms when looking at the 3 years period 1996-1999, including nasal bleeding and cough symptoms.
Among the 49 students who had participated in three questionnaires, significantly decreased ORs were observed for need of antibiotics (first and second follow-up), cough with phlegm (second follow-up), nocturnal cough (first followup), and asthma (second follow-up), whereas the OR for fatigue was significantly increased (second follow-up). The trend was decreasing in nine and increasing in three symptoms over the study period 1996-1999. These results were adjusted for age, gender, and smoking.
Discussion
The aim of this study was to assess the effect of repairs made to moisture-and mold-damaged school buildings on students' health. Repeated questionnaires were used to collect information on health parameters. Three different approaches were used. Among the cross-sectional study populations it was possible to compare the occurrences of symptoms before and after the repairs in the school level. Total number of students in the school remained similar through the 5 year study period, including a decreasing number of ''exposed'' students who attended the school before the repairs. On the other hand, the individuals who responded to the repeated questionnaires were matched, and the symptoms before and after repairs were compared using paired analyses. The effect of the repairs on health risk was further analyzed by adjusting for confounding factors, using GEE methodology in order to control the within-subject correlated observations between repeated measurements.
From the 20 symptoms included in the analyses, a statistically significant change was observed in 19 symptoms using one of these approaches. At 1 year after the repairs, there was significant improvement in 12 symptoms among the cross-sectional study populations, and in eight symptoms in the paired analysis (n ¼ 157). At 3 years after the repairs, there was significant improvement in 15 symptoms among the cross-sectional study populations, but no statistically significant change was seen in the paired analysis (n ¼ 49) compared to the situation before the repairs. At 5 years after the repairs, there was significant improvement in 15 symptoms among the cross-sectional study populations. It should be noted that in this situation, all students present before the repairs had ended the curriculum and did not participate in this part of the study; the whole student population was different from that participating in the first questionnaire. Therefore, the responses were no longer correlated at the level of the individuals.
Using GEEs, adjusted ORs were significantly decreased for 13 symptoms over the follow-up period 1996-2001 among the cross-sectional study populations. In addition, a continuously decreasing trend was seen in sinusitis, nocturnal cough, eye symptoms, and asthma.
Also among the 49 students who responded to the three questionnaires, a consistent decrease was seen in sinusitis, nocturnal cough, and asthma. The need for antibiotics was significantly decreased over the follow-up period 1996-1999, with decreasing trend. Significantly decreased ORs were observed for four symptoms and increased for one symptom, and the trends were decreasing in nine and increasing in three symptoms. The improvement appeared to be consistent in rhinitis, eye symptoms, and general symptoms (e.g. fatigue) in the first follow-up, but not so clear in the second followup. This could indicate that a longer term follow-up period is needed before an improved health status can be established in the level of the individuals exposed to the moisture damage induced microbial contamination. However, it is also possible that the effect of confounding factors increases as time passes from the original exposure situation. In addition, the smaller number of observations and their intercorrelation did not allow the use of a more complicated model structure; the results were adjusted only for age, gender, and smoking. Yet, the possible effect of the students' aging, i.e. age changing across time at the individual level, could not be efficiently separated from the effect of intervention, the main effect of interest.
GEE analyses led essentially to the same interpretation of the effect of intervention on the symptoms as did logistic regression analyses. However, GEEs strengthened the association between the repair status and sinusitis, doctor visits and need of antibiotics in the first follow-up, and cough with phlegm in the second follow-up among the crosssectional study populations. A similar effect was observed among the group of 49 students in need of antibiotics, and nocturnal cough in the first follow-up, and cough with phlegm in the second follow-up.
In practical terms, among building owners and other interest groups, there seems to be an increasing need for tools to evaluate repairs and their effects in buildings (Haverinen et al., 2000) . The use of questionnaires is an effective method for collecting information on occupants' health and perceived indoor air quality among large study populations such as school occupants. Therefore, the usability of this method in evaluating repairs should be assessed.
The few questionnaire studies found from the literature concerning moisture damage repairs of school buildings have used a study design based on case and control groups of children, where the correlation of the repeated observations has not been taken into account. Such a study design may be weaker in assessing whether the possible change observed is actually a result of the repairs or some other changes related to the study populations. Following the same group of students throughout the study may add information to that type of assessment. However, especially in a longterm situation the study population may change remarkably: in schools some students finish the curriculum each spring and new students start each fall. Therefore, following one consistent group of students throughout the study is difficult.
Another concern related to the use of questionnaires is reporting bias, commonly caused by under-or over-reporting of symptoms. For example, awareness of moisture damage may affect occupants' perceptions and increase the reported symptoms (Dales et al., 1997 , Strachan, 1988 . In this case, the students who were attending the school before the repairs were likely to be aware of the moisture damage, and were also aware of the repair measures taken. We could speculate that the awareness of the damage may have caused overreporting of the symptoms before the repairs, and that awareness of the repair may have caused a ''psychological'' effect that could have led to under-reporting of the symptoms after the repairs. Both of these reasons could partially explain the findings: increased prevalence of symptoms before, and the observed decrease after the repairs.
It could be possible to estimate reporting bias by including ''control'' symptoms, i.e. symptoms that are not presumably associated with the exposure, into the questionnaire. If no change was observed in the prevalence of the control symptoms throughout the study, it could be assumed that reporting bias did not occur. However, selecting control symptoms poses difficulties due to the nonspecific response for moisture damage/mold in a building. In addition, public awareness of the adverse health effects related to moisture damage/mold might result in a reporting bias that would selectively affect only such symptoms that have been associated with the exposure. Therefore, the capability of the questionnaire method to discern the level of reporting bias is limited. It is important to recognize this limitation in the interpretation of the results. However, the ''perceived'' decrease in symptoms is important as well.
By looking at the students who did not attend the school before the repairs, and were therefore assumable ''nonexposed'' and not aware of the problems, it was possible to assess the overall trend of changes in the prevalence of symptoms. The prevalence of symptoms among this group remained similar through the study period, except for sore throat and fatigue which increased significantly (data not shown). Despite the increase, the prevalence of these symptoms among the 'nonexposed' students was lower than among the exposed students at any time point, which could still explain the overall decrease, when all the students were included in the analyses.
The underlying hypothesis of the study was that repairing the moisture-damaged school buildings removes the previous exposure, which should have favorable effects on occupant health. This study brought up a need to establish more detailed hypotheses related to the reversibility of the symptoms at the level of exposed individuals, and the time period during which the effects of the repairs should be seen. For example, if a decreased symptom prevalence was seen among the cross-sectional study populations only, it could be explained by new, healthy students entering the school after the exposure ceased. The result would indicate that the repair of buildings was useful in terms of the fact that new cases of symptomatic students are no longer expected. However, the group of exposed students may need to be considered separately. The question of the time period needed for symptom reversal is also important: how much time is needed after exposure cessation to reach the ''background'' level of symptom prevalence. Another issue to consider is when the effect of the repair vanishes due to other environmental and individual factors changing over time in the school and among the population.
Conclusions
During the 5 years follow-up period, the overall, selfreported health status of students improved after comprehensive repairs of moisture damage in the school. A consistently decreasing trend was seen in the prevalence of sinusitis, nocturnal cough, and asthma among the crosssectional study populations, and among the group of students who responded to three questionnaires repeatedly. Other than that, the overall improvement of the health status was not so clear among this group of students, who had been exposed to moisture damage and elevated microbial concentrations in the school before the repairs. This indicates that more detailed, individual-level analyses are needed before the reversibility of symptoms and the effect of repairs of moisture-damaged school buildings on exposed individuals can be established conclusively.
